Background: Type 1, Type 17 and other pro-inflammatory cytokines are known to play an important role in resistance to pulmonary tuberculosis. The role of these cytokines in tuberculous lymphadenitis (TBL) is not well characterized. Methods: To estimate the systemic and mycobacterial antigen -stimulated cytokine concentrations of Type 1, Type 17, other pro-inflammatory and regulatory cytokines in TBL, we examined both the systemic and the antigen-specific concentrations of these cytokines in TBL (n = 31) before and after chemotherapy, and compared them with those with latent tuberculosis infection (LTB, n = 31). Results: We observed significantly reduced systemic concentrations of the pro-inflammatory cytokines -IL-1b and IL-18 but not other Type 1 or Type 17 cytokines in TBL compared to LTB. Following standard anti-tuberculosis (TB) treatment, we observed a significant increase in the concentrations of both IL-1b and IL-18. In addition, we also observed significantly reduced baseline or mycobacterial -antigen or mitogen stimulated concentrations of IL-1b and IL-18 in TBL individuals. Similar to systemic cytokine concentrations, anti-TB treatment resulted in significantly increased concentrations of these cytokines following antigen stimulation. Conclusions: TBL is therefore, characterized by reduced systemic and antigen-specific concentrations of IL-1b and IL-18, which are reversible following anti-TB treatment, indicating that these cytokines are potential correlates of protective immunity in TBL.
Introduction
Tuberculous lymphadenitis (TBL) is the most common presentation of extrapulmonary TB, accounting for 30-40% of cases [1] . The incidence of TBL is increasing worldwide every year. The cervical lymph nodes are the most commonly affected followed by inguinal, axillary, mesenteric, mediastinal and intra mammary lymph nodes [2] . TBL is thought to be the result of hematogenous or lymphatic dissemination of mycobacteria from the lungs, although its exact mechanism of pathogenesis is still not clear [2] . TBL differs from pulmonary tuberculosis in being more predominant in women and in occurring in an younger age group [3] .
While the host immune response against pulmonary TB is well characterized [4] , the immune response induced in TBL is poorly understood as are the correlates of protective immunity against TBL. Thus, both Type 1, especially IFNc and TNFa, and Type 17 cytokines, especially IL-17 are considered to be important in host protective immunity against pulmonary tuberculosis (TB) [4] . In addition, the induction of innate cytokines, especially of the IL-1 family (including IL-1a, IL-1b and IL-18) and IL-12, which drives Type 1 cytokines responses, are also known to be an important pathway of protective immunity to pulmonary TB [5] . In contrast, regulatory cytokines such as IL-10 and TGFb play a detrimental role in protective immunity to pulmonary TB [6] . The role of most of these cytokines has not been explored in detail in TBL.
In order to characterize the association between systemic and antigen-stimulated concentrations of Type pro-inflammatory and regulatory cytokines with TBL pathogenesis, we examined the concentrations of these cytokines in TBL individuals before and after standard anti-TB therapy. Moreover, we compared these cytokines responses to those present in latent tuberculosis (LTB) infection. We show that TBL is predominantly characterized by reduced systemic and antigen or mitogen induced concentrations of IL-1b and IL-18, which are then reversed following treatment.
Methods

Study population
We studied a group of 31 individuals with TBL and 31 with LTB (Table 1) . Individuals with TBL were diagnosed on the basis of excision biopsy showing either culture positivity or histology confirming tuberculosis. LTB diagnosis was based on Tuberculin skin test (TST) and Quantiferon TB-Gold in Tube ELISA positivity and absence of chest radiograph abnormalities and absence of pulmonary symptoms. A positive TST result was defined as an induration at the site of tuberculin inoculation of at least 12 mm in diameter to minimize false positivity due to exposure to environmental mycobacteria. All individuals were HIV negative. The individuals were not on any steroid treatment and consecutive samples were collected. Baseline blood samples were collected before any anti-TB medication was administered. All TBL individuals were administered standard anti-TB treatment for 6 months and at the end of treatment, blood was collected again from these individual. This study was specifically approved by the Institutional Ethics Committee of the National Institute of Research in Tuberculosis and informed written consent was obtained from all participants.
ELISA
Plasma cytokines and chemokines were measured using Duoset or Quantikine ELISA kits from R&D systems. The parameters analyzed were IFNc, TNFa, IL-2, IL-17A, IL-17F, IL-22, IL-1a, IL-1b, IL-18 IL-12p70, IL-10 and TGFb.
Quantiferon supernatant ELISA
Whole blood was incubated with either no antigen or TB antigen (ESAT-6, CFP-10, TB 7.7) or mitogen according to the manufacturers instructions using the Quantiferon in Tube Gold kit. The unstimulated or TB antigen or mitogen stimulated whole blood supernatants were then used to analyze the concentrations of IFNc, TNFa, IL-2, IL-1b, IL-18 and IL-10 using the Duo-set ELISA kits from R& D systems. 50 ll of sample in duplicate was used for each assay according to the manufacturer's instruction.
Statistical analysis
Data analyses were performed using GraphPad PRISM (GraphPad Software, Inc., San Diego, CA). Geometric means (GM) were used for measurements of central tendency. Statistically significant differences between two groups were analyzed using the nonparametric Mann-Whitney U test and between pre-and post-treatment concentrations were analyzed using Wilcoxon signed rank test. Multiple comparisons were corrected using the Holm's correction.
Results
Study population characteristics
The baseline characteristics including demographic and hematogical features of the study population are shown in Tables  1 and 2 . As shown in Table 1 , the two groups did not differ significantly in age or gender distribution. Also, as can be seen in Table 2 , compared to LTB, TBL individuals exhibit significantly lower percentages of lymphocytes but significantly higher percentages of neutrophils, eosinophils and basophils.
TBL is associated with decreased systemic concentrations of IL-1b and IL-18
To determine the cytokine profile in TBL, we measured the systemic concentrations of Type 1 (IFNc, TNFa and IL-2), Type 17 (IL-17A, IL-17F and IL-22), other pro-inflammatory (IL-1a, IL-b, IL-12 and IL-18) and regulatory cytokines (IL-10 and TGFb) in TBL and LTB individuals (Fig. 1 ). As shown in Fig. 1A , there were no significant differences in the systemic concentrations of IFNc, TNFa, IL-2, IL-17A, IL-17F and IL-22 in TBL compared to LTB individuals. In contrast, as shown in Fig. 1B , the systemic concentrations of IL-b (Geometric mean of 16.7 pg/ml in TBL vs. 23.8 pg/ml in LTB) and IL-18 (GM of 124.3 pg/ml vs. 174 pg/ml) were significantly lower in TBL compared to LTB individuals. However, no significant differences in the concentrations of IL-1a, IL-12, IL-10 and TGFb were found between the two groups. Thus, TBL is associated with reduced systemic concentrations of IL-1b and IL-18.
Treatment of TBL is associated with increased systemic concentrations of IL-1b and IL-18
To determine the effect of treatment on the cytokine profile in TBL, we measured the systemic concentrations of Type 1 (IFNc, TNFa and IL-2), Type 17 (IL-17A, IL-17F and IL-22), other proinflammatory (IL-1a, IL-b, IL-12 and IL-18) and regulatory cytokines (IL-10 and TGFb) in TBL individuals before (pre-T) and after (post-T) treatment (Fig. 2) . As shown in Fig. 2A , there were no significant differences in the systemic concentrations of IFNc, TNFa, IL-2, IL-17A, IL-17F and IL-22 in TBL individuals before and after treatment. In contrast, as shown in Fig. 2B , the systemic concentrations of IL-b (GM of 16.7 pg/ml in pre-T vs. 22.2 pg/ml in post-T) and IL-18 (GM of 124.3 pg/ml vs. 172.1 pg/ml) were significantly higher post-treatment in TBL individuals compared to pretreatment concentrations. However, no significant differences in the concentrations of IL-1a, IL-12, IL-10 and TGFb were found before and after treatment. Thus, treatment of TBL is associated with enhanced systemic concentrations of IL-1b and IL-18. To determine the mycobacterial antigen stimulated cytokine profile in TBL, we measured the concentrations of these cytokines following stimulation of whole blood with no antigen or a cocktail of TB antigens (ESAT-6, CFP-10, TB 7.7) or mitogen in TBL and LTB individuals (Fig. 3) . As shown in Fig. 3A , the spontaneously produced concentrations of IL-1b (GM of 135.5 pg/ml vs. 321.8 pg/ ml) and IL-18 (GM of 183 pg/ml vs. 287.7 pg/ml) but not IFNc, TNFa, IL-2 or IL-10 were significantly lower in TBL compared to LTB individuals. Similarly, as shown in Fig. 3B , the TB antigen stimulated concentrations of IL-1b (GM of 326.6 pg/ml vs. 1003 pg/ml) and IL-18 (GM of 188.9 pg/ml vs. 254.8 pg/ml) but not IFNc, TNFa, IL-2 or IL-10 were significantly lower in TBL compared to LTB individuals. Finally, as shown in Fig. 3C , the mitogen stimulated concentrations of IL-1b (GM of 2345 pg/ml vs. 3267 pg/ml), IL-18 (GM of 178.6 pg/ml vs. 286 pg/ml) and IFNc (GM of 1737 pg/ml vs. 2650 pg/ml) but not TNFa, IL-2 or IL-10 were significantly lower in TBL compared to LTB individuals Thus, TBL is associated with reduced concentrations of TB antigen stimulated IL-1b and IL-18.
Treatment of TBL is associated with increased baseline, TB antigen and mitogen stimulated concentrations of IL-1b and IL-18
To determine the effect of treatment on mycobacterial antigen stimulated cytokine profile in TBL, we measured the concentrations of these cytokines following stimulation of whole blood with no antigen or a cocktail of TB antigens (ESAT-6, CFP-10, TB 7.7) or mitogen in TBL individuals before (pre-T) and after (post-T) treatment (Fig. 4) . As shown in Fig. 4A , the spontaneously produced concentrations of IL-1b (GM of 135.5 pg/ml vs. 409.7 pg/ml), IL-18 (GM of 183 pg/ml vs. 232.4 pg/ml) and TNFa but not IFNc, IL-2 or IL-10 were significantly higher in TBL individuals posttreatment compared to pre-treatment concentrations. Similarly, as shown in Fig. 4B , the TB antigen stimulated concentrations of IL-1b (GM of 326.6 pg/ml vs. 871.3 pg/ml) and IL-18 (GM of 188.9 pg/ml vs. 222.4 pg/ml) but not IFNc, TNFa, or IL-10 were significantly higher in TBL individuals post-treatment compared to pre-treatment concentrations. IL-2 concentrations were significantly lower post-treatment compared to pre-treatment concentrations. Finally, as shown in Fig. 4C , the mitogen stimulated concentrations of IL-1b (GM of 2345 pg/ml vs. 2953 pg/ml), IFNc, TNFa and IL-10 but not IL-2 and IL-18 were significantly higher in TBL individuals post-treatment compared to pre-treatment concentrations. Thus, treatment of TBL is associated with elevated concentrations of TB antigen stimulated IL-1b and IL-18.
Discussion
The correlates of protective immunity in pulmonary TB is still not well understood [7] . However, there is at least a road map of the immune response that confers protection versus susceptibility in this form of TB, mainly using animal models [8] . Thus, Type 1, Type 17 and other pro-inflammatory cytokines (especially of the IL-1 family) are known to play an important role in protection while Type 2 and regulatory cytokines and Type 1 interferons are known to be detrimental in host immunity to TB [4] . However, very little is known about the association of these cytokines in the immune responses engendered in TBL. Previous studies have shown that TBL is characterized by an expansion of mono-and multi-functional Th1 and Th17 cells in response to TB antigens and that CD8 + T cells expressing Type 1 and Type 17 cytokines are also increased in comparison to pulmonary TB [9, 10] . Similarly, enhanced concentrations of circulating IL-10, IL-8 and TNFb have been described as potential blood biomarkers in TBL [11] , while level of IFNc, TNFa, GM-CSF, IL-1b, IL-2, IL-4 and IL-6 have been shown to be elevated in adult TBL compared to children with TBL [12] . Finally, in our previous study on cytokine responses in TBL compared to pulmonary TB, we have shown that TBL individuals exhibit significantly increased production of Type 1, Type 2 and Type 17 cytokines in response to TB antigens [13] . However, the data regarding cytokine response in TBL compared to LTB is scant. Our study on cytokine responses, both systemic and antigeninduced, reveal three major features. First, amongst the variety of cytokine examined, only IL-1b and IL-18 exhibit significant differences in their systemic concentrations when comparing TBL with LTB individuals. This suggests that deficiency in the IL-1b -IL-18 axis is associated with TBL disease. Second, examination of antigen or mitogen stimulated responses also reveals that IL-1b and IL-18 are the two major cytokines that are induced at significantly lower concentrations in TBL individuals. This again reiterates the important association of lack of these cytokines with TBL disease. Third, our data on the treatment induced modulation of cytokines also reveals that IL-1b and IL-18 are the only cytokines that exhibit significant treatment induced reversal after TB antigen stimulation. There is growing evidence for a role for IL-1 in the innate response to TB and its central role in host resistance in mouse models has been established using IL-1b or IL-1R knockout mice [14, 15] . Similarly, IL-18 another member of the IL-1 family is also necessary for host resistance since IL-18 knockout mice are more susceptible to TB infection [16] . Interestingly, both IL-1b and IL-18 share a common pathway of production with both of these cytokines requiring cleavage by caspase -1, in a process dependent on the NLRP3 inflammasome [17] . Thus, future studies to explore the role of the inflammasome complex and the caspase family should yield valuable insights into the pathogenesis of TBL.
Defects in the IL-12-IFNc pathway is an important component of disseminated mycobacterial infection [18] , while regulatory cytokines play an important role in down modulation of antigenspecific T cell responses in pulmonary TB [5] . Thus, a lack of significant association of these cytokines in the comparison of TBL versus LTB individuals is surprising. So is the lack of association observed with Type 17 cytokines. Our study suffers from the limitation of having a limited sample size and mainly examining associations, nevertheless, our data clearly delineate an important role for IL-1b and IL-18 in TBL disease. We have also consistently observed differences in the plasma concentrations of cytokines and the concentrations in the media control of the QFT supernatants, although the reason behind this needs to be determined. In addition, we did not have a PTB group of individuals as a comparator group and hence the need to be interpreted with caution. Our data also show some major differences in terms of the significant biomarkers in the periphery of TBL from a previous study by Abhimanyu et al. [11] . They found significant increased serum levels of IL-10, IL-8 and TNF-b as markers of TBL but not IL-1b. It is possible that differences in the study population (north versus south Indian), diagnostic criterion (FNAC versus lymph node biopsy) or other confounding factors could have accounted for these differences.
TB lymphadenitis is the commonest form of extrapulmonary TB and, in the face of HIV/AIDS, is becoming a major health problem worldwide [1] . In addition, TBL adds a layer of complexity in the field of TB due to the difficulty in diagnosis and treatment [3] . In this study, we examined a large panel of cytokines, encompassing Type 1, Type 17, IL-1 family and regulatory cytokines, in TBL individuals in comparison to LTB. Our goal was to elucidate correlates of protective immunity that would be reflected by significant differences between TBL and LTB both systemically and in an antigen-specific manner. Moreover, we reasoned that important correlates of protective immunity would not only be different at baseline but that the difference would be reversible upon successful chemotherapy. Indeed, our data reveal IL-1b and IL-18 as two major candidates that fulfill both criteria for protective immunity. Future studies should aim at validating these results in larger sample sizes and different populations.
